The introduction of bronchospirometry by Jacobacus in 1932, and (1952) and Comroe and Kraffert (1950) regard it as a form of investigation primarily suitable for the larger thoracic centres.
Most of the difficulties of bronchospirometry for patient and for physician are contingent upon its principle of complete physical separation and measurement of the products of each lung's respiration. These objectives may be defeated by the presence of bronchial deformity, and the means of achieving them involves a degree of narrowing of the airway barely tolerable by the more dyspnoeic patients. The artificial separation of the airways, moreover, imposes on an underventilated lung the need to ventilate a larger dead space than under natural conditions, where the effect on each lung of the supracarinal dead space is in proportion to its share of the total ventilation. The original closed-circuit procedure involves high oxygen concentrations in the breathing-mixture which, as Gaensler has shown by his ambient-air method, may cause a material overestimate of the usual oxygen uptake of an underventilated lung.
The use has been suggested of differences in respiratory exchange ratio (R.Q.) between simultaneous samples of expired air from each main bronchus and trachea in order to calculate the share of each lung in oxygen uptake and ventilation (Armitage and Arnott, 1951) . By this principle the main difficulties of bronchospirometry could be avoided and, at little cost to the convenience of the patient, results obtained comparable with those of bronchospirometry in value to a surgeon contemplating major surgery of lung or pleura. The R.Q. was selected as the index for comparison because it is unaltered by simple dilution of an expired air sample by any volume of air, and because when two sources of expired air mix the proportion of the oxygen deficit in the final mixture for which each is responsible may be calculated from the three R.Q. differences alone. That unilateral partial loss of function would give rise to an R.Q. difference between the two lungs seemed certain, since, just as generalized pulmonary disease invariably causes change in alveolar air composition, so must unilateral disease change the gas tensions within the affected lung; and the exposure of the same mixed venous blood to alveolar air of differing pO2 and pCO, in the two lungs must result in two distinct respiratory exchange ratios.
The present report is based on the results of 61 air samplings (a) in a control group of 10 patients eventually shown to be without pulmonary disease, and (b) in 49 patients with unilateral or symmetrical disease (two of them being reinvestigated some months later). Forty-seven of the resulting 51 sets of samples were suitable for determination of differential contributions.
The results will be considered primarily for their bearing on the practicability of the suggested procedure in determining differential function. The following conditions have to be satisfied. (1) Identical or almost identical R.Q.s should be found in both lung samples only when both lungs are normal, or when one is so severely damaged that total loss of function is a reasonable assumption. (2) Consistent substantial R.Q. differences should be found in unilateral disease insufficient to cause total loss of function. (3) Adequate mixing of expiration from both lungs must be attained below the points of tracheal sampling, as shown by absence of significant R.Q. differences between samples from two levels in the trachea (in patients showing material R.Q. differences between the two bronchial samples). Thus in these five cases the non-function of the diseased lung suggested by the air sampling was confirmed or supported either by conventional bronchospirometry or, on subsequent pneumonectomy, by the appearance of the lung and the effect of its removal on the pre-existing severe dyspnoea. In the remaining five patients, very severe or complete loss of function had been expected, on clinical and radiological evidence, before the air sampling added the evidence of identity of R.Q. in both bronchial samples. Although none of the 10 cases had evidence of substantial disease of the "normals" lung, their vital capacities and (in five) maximum breathing capacities were greatly reduced, ranging respectively from 48% to 70% (mean 57%) and from 38% to 66% (mean 53%) of the values predicted from the formulae of Baldwin, Cournand, and Richards (1948) . Pneumonectomy, in the face of such severe reductions in functional capacity, might well have seemed too hazardous without the reasonable certainty that the lungs to be removed were functionless.
Unequal Function of the Two Lungs.-Thirtysix studies in 35 patients showed significant R.Q. differences between the right and left bronchial samples, indicating the retention of some function by the affected lung.
In 14 patients, in none of whom was the sounder lung completely normal, the practicability of a projected pneumonectomy or lesser procedure was in question. Of these, eight had a calculated share in function by the diseased lung so small as to be negligible, and all underwent operation without subsequent increase in dyspnoea, while in the remaining six the calculation showed a proportion of remaining function greater than could be sacrificed or prejudiced with safety. In only one of these six was the contraindication to operation ignored at the patient's own insistence, and after pneumonectomy for severe left bronchiectasis (with asthma and emphysema) this patient was unable for four weeks to leave the oxygen tent, and died after a further month with a middle lobe pneumonia. The air sampling test had shown 22% of oxygen uptake from the lung which was later removed, a contribution which, in the presence of dyspnoea on the least exertion, and proven pulmonary hypertension, it had been felt dangerous to sacrifice. This was, however, one of the earliest patients of the series, and the reliability of the test was then problematical.
Thirty-four of the 36 air samplings indicated subnormal proportions of oxygen uptake by the lungs judged the more severely diseased clinically and radiologically. Normal shares are taken as 45% and 55% for left and right lungs respectively. Both the exceptions were middle-aged men with emphysema and a single giant bullous cyst occupying a third to a quarter of the left lung. In the first that lung was calculated to have exactly its normal 45%, while in the other the proportion was as high as 58% and that of ventilation higher still, since the R.Q. on that side was the higher one.
Fortunately this patient three days later underwent bronchospirometry, which confirmed the air sampling result, attributing 55% of the oxygen uptake and 57% of the ventilation to the cystic lung.
In the 36 instances of asymmetrical function, the mean R.Q. difference of the bronchial samples was 0.167; S.D. 0.103, S.E. of mean 0.017, range 0.026-0.459. Two cases had inter-lung R.Q. differences of only 0.026 outside the range of normal inter-lung and inter-tracheal differences, but obviously too small for reliable calculation of functional contribution. One of these had severe post-empyema pleural thickening and total loss of function had seemed likely; the other had only a minimal tuberculous scar at the left apex. The two calculated contributions were 4% and 39% respectively-reasonable in each case-but with so small a total difference they might well have been regarded as cases of identical R.Q.s,inthefirstcase from function being unilateral only, in the second from it being normal on each side. The three next smallest R.Q. differences were 0.058, 0.060, and 0.070.
Two factors influence the magnitude of the R.Q. difference. Disease which principally reduces ventilation lowers the R.Q. on the affected side, but cannot depress it below the " venous R.Q.," i.e., that of alveolar air in equilibrium with mixed venous blood, normally between 0.4 and 0.5. There is no ceiling, however, to the possible rise in R.Q. when the disease primarily reduces perfusion. Thus, the mean R.Q. difference in the 16 patients with a higher R.Q. on the affected side was 0.197; in the remaining 20 with a lower R.Q. it was only 0.143. The extent of loss of function also appears to have some bearing on the magnitude of the R.Q. difference, as Table  II shows. In each group minor (<1/3) loss of function is associated with relatively small R.Q. differences, and as function loss increases the R.Q. differences widen. However, in the primarily underventilated group, as function loss increases still further, the differences diminish strikingly. There were only a few individual exceptions to the trends illustrated by these averages. It is likely, even in the low R.Q. group, that the true alveolar R.Q. of the affected lung is displaced increasingly, down to the point where alveolar ventilation and respiratory exchange cease, and the venous R.Q. is reached. In the bronchial samples, however, the R.Q. differences apparently diminish, as Table III shows, when loss of function has increased beyond a certain point. A possible explanation is that reduced tidal ventilation (even when some alveolar ventilation persists) may fail to clear from the intrapulmonary dead space the mixed alveolar air of both lungs inspired from the trachea at the beginning of inspiration. This will be sampled, along with the true alveolar ventilation component, during the next expiration and will mask the true extent of the R.Q. difference between the alveolar air of the two sides. With uniformly reduced ventilation such a mechanism would operate only just before all function was lost, whereas regional inequality of underventilation might bring it into play rather earlier, but with weaker effect. The differential calculation need not be affected, since an apparent reduction in the R.Q. difference between the affected lung and the trachea can be balanced by a much smaller change in the difference between tracheal and normal lung samples. In any case no error could arise sufficient to change an obviously negligible contribution into one apparently worth preserving.
Incidence of Low-and High-R.Q. Patterns in Unilateral Function Loss. -Gaensler, Watson, and Patton (1953) concluded from 1,069 spirometric studies that during every process of unilateral reduction in lung function-and especially those (the severest) resulting from bronchiectasis and from pleural disease-ventilation suffers a lesser and later decline than does oxygen consumption. The disproportion in the effect on the two functions was least, and often negligible, in disease of other aetiology, which usually caused relatively minor reduction in either function.
Since the R.Q. varies as the ventilation-perfusion ratio, and oxygen uptake (from the oxygenenriched mixtures employed in bronchospirometry) is a measure of perfusion, the above would imply a higher R.Q. on the affected side, especially in cases of pleural or bronchiectatic origin. However, in 20 of the 36 instances with significant R.Q. differences between the bronchial samples, the R.Q. was lower on the diseased side indicating relative underventilation, and in these 20 the average function loss was greater (57%) than in the minority of 16 cases (44 %) with a high R.Q. Again, out of 14 patients with pleural or bronchiectatic disease, 11 had a lower R.Q. on the affected side.
The origin of this apparent contradiction lies in the inability of bronchospirometry to distinguish between alveolar and dead space ventilation. As ventilation is reduced, an increasing proportion is absorbed by the dead space, and, if this is allowed for, the relative impact of the disease on alveolar ventilation and oxygen consumption may appear in a very different light, as the following illustration shows.
Consider a case of moderate asymmetry of function, with a tidal ventilation of 600 ml. distributed 200: 400 ml. to affected and normal lungs respectively; and with 02 uptake divided 30%: 70% between the two, and therefore in somewhat greater imbalance than the ventilation. The deduction from each lung's ventilation of 80 ml. for the dead space leaves the 440 ml. alveolar ventilation divided 120:320, or 27%:73% between them. In other words, the affected lung's share of alveolar ventilation is as much less than its share of 02 uptake as the latter is less than its share of total ventilation. Were the same total ventilation to be
